Introduction {#s1}
============

Schizophrenia is a severe psychiatric illness found in about 1% of the population. This chronic disorder is characterized by pathological manifestations such as hallucinations, disorganized thinking, loss of goal-directed behaviors, social withdrawal, and cognitive deficits [@pone.0040247-Schultz1]. Schizophrenia is generally accepted as a neurodevelopmental disorder. Schizophrenia generally begins early on in the life of the affected and tends to persist throughout life with symptoms sometimes worsening with time [@pone.0040247-TIGHESTJung1]. Therefore, studies on early-onset schizophrenia offer a unique opportunity to explore the etiology of this major mental disorder.

Early-onset schizophrenia (EOS) is defined as the first-episode of schizophrenia occurring when the subject is younger than 18 years of age. Thus, studies of EOS can benefit from minimal confounding factors such as antipsychotic treatment, shorter duration of psychosis, and narrow age range. There is evidence that antipsychotic medications can affect brain structure [@pone.0040247-Bangalore1]. However, several studies reported no significant correlation between FA and dosage of antipsychotic medication [@pone.0040247-Peters1], [@pone.0040247-Honea1]. Therefore, whether the use of medication is a major confounding factor in schizophrenia research remains controversial. Several studies showed an inverse relationship between duration of untreated psychosis and gray matter loss in patients with schizophrenia [@pone.0040247-Keshavan1], [@pone.0040247-Velakoulis1]. However, a few studies that looked at volumetric measurements have found no association between duration of untreated psychosis and gray matter changes in schizophrenia [@pone.0040247-Hoff1], [@pone.0040247-Ho1]. Age is another potential confounding factor. Age may have a differential effect on brain structure in schizophrenia [@pone.0040247-Bartzokis1]. For example, it was reported that age-related changes in gray matter are dynamic throughout normal adolescence [@pone.0040247-Rapoport1]--[@pone.0040247-Gogtay1]. Even so, antipsychotic treatment, duration of psychosis, and age of patients are usually considered to be confounders when researching the structure and function of the brain in schizophrenia. Thus, the examination of structural brain changes in minimally treated subjects, such as first-episode EOS, will minimize the effects of these confounding factors.

Neuroimaging studies clearly indicate that early-onset schizophrenia is associated with neuroanatomical abnormalities. Several recent MRI studies of early-onset schizophrenia have identified brain abnormalities in the parietal cortex [@pone.0040247-Kyriakopoulos1] and cingulate cortex [@pone.0040247-Tang1] in white matter, and the superior parietal cortices of gray matter [@pone.0040247-Kumra1], [@pone.0040247-Thompson1] with changes progressing more towards the prefrontal and temporal cortices by adolescence [@pone.0040247-Gogtay2]. In addition, Arango et al. study on children and adolescents with first-episode psychosis showed that the primary initial changes in brain structure were in the frontal lobe and left parietal cortex in gray matter over time [@pone.0040247-Arango1]. In EOS, the rate of grey matter loss appears higher than in other forms of schizophrenia with large changes found in parietal brain regions, extending anteriorly into temporal lobes [@pone.0040247-Thompson1] and superior medial frontal grey matter loss later reaching the cingulate gyrus [@pone.0040247-Vidal1]. Although there are some consistencies in findings [@pone.0040247-Honea2], an obvious divergence in findings between studies exists. The inconsistency in neuroanatomical studies of schizophrenia may be related to differences in the methods of measuring grey matter volume/density, such as whole brain versus region of interest (ROI), and differences in analysis, such as ROI versus voxel-based morphometry (VBM), as well as the influences of confounding factors. Thus, the accumulation of data on neuroanatomical abnormalities in EOS patients is valuable and may help identify the etiology of schizophrenia.

Cognitive deficits are the core characteristics of schizophrenia. Temporal lobe regions of gray matter are associated with auditory hallucinations, thought disorder, and memory dysfunction. In this study,psychotic symptoms were assessed using the Positive and Negative Syndrome Scale (PANSS). The volume of gray matter (GM) was measured by using voxel-based morphometry (VBM). The correlations between the GM volume and PANSS scores, age of psychosis onset, duration of psychosis, and chlorpromazine (CPZ) equivalent value were investigated.

Methods {#s2}
=======

1. Ethics Statement {#s2a}
-------------------

The protocols used in this study was approved by the university ethics committee (The Second Xiangya Hospital of Central South University Review Board,No. S078, 2006) and the studies were carried out in accordance with the Declaration of Helsinki. Subjects were fully informed about the measurement and MRI scanning in the study. Written informed consent forms were obtained from all subjects and their parents.

2. Subjects {#s2b}
-----------

Twenty-nine first-episode, early-onset schizophrenic patients (13 females, 16 males) with an age of 16.5±0.9 years and average education of 9.7±1.4 years were recruited at the Institute of Mental Health of the Second Xiangya Hospital, Central South University. All participants met the following inclusion criteria: 1) met the DSM-IV-TR criteria for schizophrenia (Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision, American psychiatric association, 2000); 2) aged 12 to 19 years old; 3) onset of schizophrenia before the 18^th^ birthday; 4) no comorbid Axis I diagnosis; and 5) no mental retardation. Schizophrenia was diagnosed by clinical psychiatrists using the Structured Clinical Interview for DSM-IV-TR, patient version (SCID-I/P). These patients were interviewed again six months later to determine a final diagnosis of schizophrenia. All patients were recruited during an acute psychotic episode. Patients with concurrent psychiatric disorders and history of major neurological or physical disorders that could lead to an altered mental state were excluded. Thirty-four healthy subjects with matched age (16.6±0.8 years), gender (16 females, 18 males), and average education (9.7 years) were recruited by advertisement as a control group. Control subjects were identified: 1) without any known psychiatric condition; 2) without a history of major physical or neurological illness or substance abuse; 3) without a family history of psychosis in their first-degree relatives. All patients and control subjects were right-handed.

3. Imaging Acquisition {#s2c}
----------------------

Magnetic resonance imaging was performed on a 1.5T GE MRI scanner (Twin-speed, Milwaukee) at the Second Xiangya Hospital, Central South University. A standard birdcage head coil was used, along with foam pads for limiting head motion and reducing scanner noise. High-resolution whole brain volume T1-weighted images were acquired sagittally with a 3D spoiled gradient echo (SPGR) pulse sequence (repetition time  = 12.1 ms; echo time  = 4.2 ms; flip angle  = 15; field of view  = 240 mm×240 mm; acquisition matrix  = 256×256; slice thickness  = 1.8 mm; gap  = 0 mm; number of excitations  = 2; 172 slices).

4. MRI Data Analysis {#s2d}
--------------------

All structural data were processed with voxel-based morphometry toolbox (VBM5.1) (<http://dbm.neuro.uni-jena.de/vbm>) with the Statistical Parametric Mapping (SPM) 5 software package (<http://www.fil.ion.ucl.ac.uk/spm> ). The VBM toolbox combines tissue segmentation, bias correction, and spatial normalization into a unified model [@pone.0040247-Ashburner1]. A Hidden Markov Random Field (HMRF) model was used to introduce spatial constraints into the segmentation process to improve accuracy of tissue segmentation [@pone.0040247-Cuadra1]. Images were multiplied (modulated) by the Jacobian determinants from the normalization step to preserve volume information. Modulated gray matter images were smoothed with an 8 mm FWHM Gaussian kernel for statistical analyses.

To examine differences in regional gray matter volume between groups, a voxel-wise two-sample t-test analysis was carried out in SPM5. The total gray matter volume, age, gender, and years of education were treated as confounding covariates. An absolute threshold mask of 0.1 was used to avoid possible edge effects around the border between gray matter and white matter. Clusters of 100 voxels (a cluster size equal to 1×1×1 mm^3^) or greater, surviving a false discovery rate (FDR) corrected threshold of *p*\<0.05 were considered significant.

The multiple regression analysis was performed as previously described [@pone.0040247-Honea1]. Briefly, a multiple regression was carried out in SPM5 on the patients that had chlorpromazine equivalents (n = 23) to test the relationship between medication and regional gay matter volume while eliminating the effects of age, gender, years of education, and total gray matter volume An absolute threshold mask of 0.1 was used to avoid possible edge effects around the border between gray matter and white matter. Clusters of 100 voxels (a cluster size equal to 1×1×1 mm^3^) or greater, surviving a false discovery rate (FDR) corrected threshold of p\<0.05 were considered significant.

5. Positive and Negative Syndrome Scale (PANSS) {#s2e}
-----------------------------------------------

Patients with positive diagnosis of schizophrenia were subjected to the PANSS interview and were then assessed on the PANSS scales [@pone.0040247-Kay1]. The assessments were conducted by clinical psychiatrists with intensive training in the PANSS interview and rating methods.

6. Statistical Analyses {#s2f}
-----------------------

Statistical analyses of demographic data were conducted with SPSS 15.0 software (SPSS, Chicago, Illinois). Independent-sample t test and χ2 test were used to compare demographic data between two groups. In addition, we extracted the mean volumes of the clusters that had shown differences between groups in VBM analysis. Mean volume measurements were calculated using MarsBar 0.41 (<http://marsbar.sourceforge.net/>) and log_roi_batch v2.0 (<http://www.aimfeld.ch>). Correlations between mean volumes of the clusters and clinical factors including PANSS scores, age of psychosis onset, duration of psychosis, and chlorpromazine (CPZ) equivalent value were calculated by partial correlation analysis controlling for total gray matter volume, age and gender (*p\<*0.05).

Results {#s3}
=======

1. Demographic Findings {#s3a}
-----------------------

Demographic and clinical data for the two groups are shown in [Table 1](#pone-0040247-t001){ref-type="table"}. We included 29 patients with first-episode EOS and 34 healthy controls well-matched in gender, levels of education, ethnicity, and handedness. All patients were diagnosed with schizophrenia according to DSM-IV-TR. All recruited patients had a short duration of illness (9.3±4.6 months) at the entry of the study. Except for six patients who did not receive medications, 23 patients received atypical antipsychotic medications and the mean dosage in chlorpromazine equivalent was 252.2 mg/day (S.D. 189.2 mg/day; range: 0--660 mg/day) at the time of scanning (risperidone \[n = 13\], clozapine \[n = 1\], sulpiride \[n = 5\], or quetiapine \[n = 4\]). Patients and control subjects were statistically similar in terms of gender composition, age, handedness, and educational level ([Table 1](#pone-0040247-t001){ref-type="table"}).

10.1371/journal.pone.0040247.t001

###### Demographic and clinical characteristics of EOS patients and control subjects.

![](pone.0040247.t001){#pone-0040247-t001-1}

                                         EOS patients   Control subjects                 P value
  ------------------------------------- -------------- ------------------ --------------------------------------
  Demographic variables                                                   
  Cases                                       29               34         
  Years of Age, mean±SD                    16.5±0.9         16.6±0.8       0.69[a](#nt101){ref-type="table-fn"}
  Sex, Male/Female                          13/16            16/18         0.86[b](#nt102){ref-type="table-fn"}
  Subjects' education, years, mean±SD      9.7±1.4          9.7±0.7        0.78[a](#nt101){ref-type="table-fn"}
  Han Chinese                                 29               34         
  Left/Right-handed                          0/29             0/34        
  clinical variablies                                                     
  Onset age (year), mean±SD                15.7±1.0            ―          
  Course of disease (month)                9.3±4.6             ―          
  PANSS-positive symptoms                  22.3±2.8            ―          
  PANSS-negative symptoms                  20.8±3.0            ―          
  PANSS-general psychopathology            34.5±3.7            ―          
  PANSS-total score                        77.7±5.7            ―          
  CPZ-eqquivalent                        252.2±189.2           ―          

T-test.

Chi-square tests.

EOS: Early-onset schizophrenia.

CPZ Equivalent: average chlorpromazine equivalent dosage for those taking antipsychotic medications.

2. Group Differences in Regional Gray Matter Volume {#s3b}
---------------------------------------------------

VBM analysis of gray matter volume showed significant reduction in the volume of left middle and superior temporal gyrus in patients with first-episode EOS compared to healthy subjects ([Fig. 1A](#pone-0040247-g001){ref-type="fig"}, [Table 2](#pone-0040247-t002){ref-type="table"}). In contrast, no region showed significant increase in gray matter volume in patients.

![Brian maps of representative axial slices showing the differences of gray matter volume between patients with EOS group and control group^a,b^.\
^a^ Voxels of reduced gray matter volume in left middle and superior temporal gyrus (with blue colour) in 29 First-Episode early-onset Schizophrenia (EOS) patients revealed by SPM5 analysis. Numbers indicate Montreal Neurological Institute *z*-coordinates. ^b^ Cluster size is in voxels. All clusters shown exceed a FDR corrected statistical threshold of cluster-level P\<0.05 and a cluster size threshold of 100 consecutive voxels.](pone.0040247.g001){#pone-0040247-g001}

10.1371/journal.pone.0040247.t002

###### Regions of reduced gray matter volumes of left middle and superior temporal gyrus in EOS group in comparison with the control group.

![](pone.0040247.t002){#pone-0040247-t002-2}

  Brodmann area               Anatomical Region              Cluster Size (No. Voxel)   Voxel level P   MNI (mm)   Peak Z- value              
  --------------- ----------------------------------------- -------------------------- --------------- ---------- --------------- ----- ----- ------
  21               Left Middle and Superior Temporal Gyrus             353                  0.020        0.018          −54        −22   −11   4.61

FDR: false discovery rate; FWE: family-wise error; MNI: montreal neurological institute. FDR corrected p\<0.05, cluster size = 100. First-Episode early-onset schizophrenia (EOS) patients, *n* = 29; healthy controls, *n* = 34.

3 Medication Effects on Gray Matter {#s3c}
-----------------------------------

No regions in the gray matter with increases or decreases in volume correlated with chlorpromazine equivalents in multiple regression analysis.

4. Relationship between Clinical Factors and Volumes of Left Middle and Superior Temporal Gyrus {#s3d}
-----------------------------------------------------------------------------------------------

Partial correlation analyses were used to examine the correlations between gray matter volume of left middle and superior temporal gyrus and PANSS-positive symptoms, PANSS-negative symptoms, PANSS-general psychopathology, PANSS-total score, age of psychosis onset, duration of psychosis, CPZ equivalent in patients with EOS. The PANSS-positive symptoms negatively correlated with gray matter volume in left middle and superior temporal gyrus (partial correlation coefficient = −0.607, p = 0.002). We did not find any correlations between PANSS-negative symptoms, PANSS-general psychopathology, PANSS-total score, age of psychosis onset, duration of psychosis, CPZ equivalent, and gray matter volume of left middle and superior temporal gyrus.

Discussion {#s4}
==========

Temporal lobe regions are associated with auditory hallucinations, thought disorder, and memory dysfunction, which are the key characteristics of schizophrenia [@pone.0040247-Schultz1]. In this study, a significant decrease in GM volume was observed in left middle and superior temporal gyrus of schizophrenic patients compared to healthy controls. Importantly, the volume of left middle and superior temporal gyrus negatively correlated with PANSS-positive symptoms. Our study highlighted the crucial role of temporal gyrus in the pathology of EOS.

Structural and functional abnormalities on gray and white matter were widely observed in patients with schizophrenia. Neuroanatomical abnormalities in other brain regions were also reported. Although there are some consistencies in findings to be observed [@pone.0040247-Honea2], there is no highly consistent finding between studies. Relatively, reduction in parietal cortex was well established in both structural neuroimaging and functional studies of schizophrenia [@pone.0040247-Honea1], [@pone.0040247-Kyriakopoulos1], [@pone.0040247-Thompson1]. Particularly, using various VBM analyses, significant decreases in the volume of left medial and left middle frontal gyrus were observed in first-episode EOS [@pone.0040247-Janssen1]. In contrast, Pagsberg et al. study did not find GM volume deficits in first-episode EOS compared to healthy controls [@pone.0040247-Pagsberg1]. The results of the present study were established in a relatively large sample of first-episode EOS patients by VBM analysis. Significant decrease in gray matter volume in the left middle and superior temporal gyrus was observed in first-episode EOS patients compared to well-matched healthy controls. As mentioned above, changes in the parietal cortex are the main findings in early onset studies. Our findings may reflect the differences in the average onset age [@pone.0040247-Thompson1], methods of measuring grey matter volume/density [@pone.0040247-Arango1], sample size [@pone.0040247-Janssen1] and the population. For example, most studies were conducted with a small sample size. Although VBM analysis has the advantage of searching for putative regions within the entire brain devoid of any bias, using VBM in a small sample to examine subtle neurobiological effects could result in insufficient statistical power to detect differences [@pone.0040247-Janssen1]. Other confounders, such as antipsychotic treatment, duration of psychosis, and age of patients also affect the results of brain structural and functional studies of schizophrenia.

The Positive and Negative Syndrome Scale (PANSS) is currently the most well-established scale in patients with schizophrenia for typological and dimensional assessments. The positive symptoms reflect a hyperdopaminergic state while the negative symptoms are thought to be the consequences of structural brain-deficit [@pone.0040247-Emsley1]. Previous studies demonstrated that PANSS scores negatively correlated with decreased FA in the corpus callosum of chronic schizophrenic patients [@pone.0040247-Kong1] and decreased FA in right anterior cingulum of early-onset schizophrenic patients [@pone.0040247-Skelly1]. In this study, VBM analysis showed that the loss of grey matter volume in left middle and superior temporal gyrus negatively correlated with PANSS-positive symptoms, but not with PANSS-negative symptoms, PANSS-general psychopathology, and PANSS-total score. Therefore, the current finding might imply a loss of dopaminergic neuron or the reduction of their plasticity.

Interestingly, in this study, the decreased volume of left middle and superior temporal gyrus in first episode EOS showed no correlations with age of psychosis onset, duration of psychosis, or CPZ equivalent. Previous studies showed an association between duration of psychosis and gray matter loss in schizophrenic patients. Keshavan et al. study reported an inverse relationship between duration of untreated psychosis and left superior temporal gyrus volume [@pone.0040247-Keshavan1]. However, a study of patients with first-episode EOS and short duration of illness can avoid possible confounding effects of chronic illness. In this study, the duration of illness was only 9.3±4.6 months. In addition, there is evidence that antipsychotic medication can affect brain structure [@pone.0040247-Keshavan1], [@pone.0040247-Velakoulis1] and thereby act as a possible confounder in the search for the neuropathology of psychosis itself. The present study included a cohort of minimally treated first episode psychotic patients. No correlation between GM loss and CPZ equivalent was found. This suggested that the observed GM loss reflects the structural abnormalities of EOS itself. Notably, the gray matter loss in EOS appears dynamically with age. Loss of gray matter was found early in parietal brain regions extending anteriorly into temporal lobes [@pone.0040247-Thompson1] and with superior medial frontal gray matter loss later reaching the cingulate gyrus [@pone.0040247-Vidal1]. Importantly, abnormalities in temporal lobe structures, including the superior temporal gyrus and amygdala-hippocampal complex, play a crucial role in dysfunction of auditory functions, language processing, and in memory of patients with schizophrenia. Interestingly, our study revealed no correlation between age of psychosis onset and GM loss. This might be because there is a narrow age range (16.5±0.9 years) in the patients and healthy controls were well-matched in gender, levels of education, ethnicity, and handedness.

The accurate mechanism for GM loss is currently unclear. Several neurodevelopmental mechanisms have been used to explain the neuropathology of GM loss. One is the hypothesis of pathological extended pruning. This hypothesis is based on the observations that normal adolescent brain development is characterized by reduction of GM and expansion of WM, sculpting the brain into maturity [@pone.0040247-Sowell1], [@pone.0040247-Thompson1]. The typical onset of schizophrenia occurs during adolescence, which could be a consequence of a defect in this normal maturational process [@pone.0040247-Andreasen1]. This defect may cause abnormal connectivity in brain networks that, in turn, lead to illness characterized by hallucinations, delusions, alogia, or decreased emotional expression. However, in this study, decrease in GM volume did not correlate with the age of psychosis onset and duration of psychosis, which does not seem to support the hypothesis. Another hypothesis suggests that GM loss is a consequence of a confounder, such as neuroleptic treatment. Studies of neuroleptic-treated animals have demonstrated that neuroleptic-treated animals have brain volume reductions [@pone.0040247-Konopaske1], [@pone.0040247-Konopaske2]. We have examined treatment effects in the current sample and no correlation between GM loss and CPZ equivalent was found, which does not agree with the hypothesis. Another possible hypothesis is the neuroplasticity mechanism. GM decreases that occur after the onset of schizophrenia is caused by diminished neuroplasticity and an impairment in activity-dependent neuroplasticity. Neuroplasticity affects spines and synapses, leading to shrinkage of neuropil without gliosis or neuronal loss [@pone.0040247-Agartz1], [@pone.0040247-Szeszko1]. This hypothesis emphasizes the interaction between circumstance and genes responsible for the regulation of neurodevelopment and neuroplasticity. Here, circumstance might be a main driving force. It was hypothesized that environmental factors can regulate gene expression through an epigenetic mechanism that ultimately causes schizophrenia [@pone.0040247-Tsuang1], [@pone.0040247-Schumacher1]. In this study, the loss of GM volume negatively correlated with PANSS-positive symptoms, which may suggest a reduction in dopaminergic neuron plasticity.

In conclusion, loss of gray matter volume in left middle and superior temporal gyrus is a brain structural abnormality of first episode early onset schizophrenia and is negatively correlated with PANSS-positive symptoms. This loss of gray matter is not associated with age of psychosis onset, duration of psychosis, or CPZ equivalent value, suggesting that GM loss observed in this study represents the structural abnormalities of EOS itself. Our study highlighted the crucial role of middle temporal and superior gyrus in the pathology of EOS and the importance of the study with first episode early-onset schizophrenia and well-matched healthy controls.
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